Aloe ferox is an important medicinal plant in Southern Africa whose seeds could be useful as a source of oil. The fatty acid composition of A. ferox seed oil was determined using gas chromatography. The physicochemical properties of the oil were analysed using standard methods. The seeds yielded 19.4% of a light textured oil using the Blight and Dyer's method and 12.3% using the Soxhlet extraction method. The saponification value of the seed oil was 241.9 mg KOH/g and the peroxide value was 8.9 meq/kg. The acid value of the seed oil was 51.5 mg KOH/g (25.9% free fatty acids). The major fatty acids found in the seed oil were linoleic acid (71.8%), oleic acid (12.0%), palmitic acid (11.2%) and stearic acid (2.9%). The results obtained suggest that as A. ferox seed oil is high in linoleic acid, it could be potentially exploited in the cosmetic and pharmaceutical industries.
The use of Cape Aloe (Aloe ferox Mill) dates back to the historic times of the Khoi-San, the early inhabitants of Southern Africa [1] , whose paintings show illustrations of aloe as an important plant in their livelihoods [2] . Aloe ferox (= A. candelabrum A. Berger) is a tall, single stemmed aloe characterised by a rosette of large, thorny, succulent leaves and red orange flowers [3] . The plant is indigenous to the Eastern and Western Cape provinces of South Africa where plantations and refining factories have been established to increase production and meet the increasing demand of the popular aloe bitters. The A. ferox industry has evolved from a subsistence, backyard industry to a commercial enterprise that is worth millions of dollars [4a] . Key stakeholders in the A. ferox industry include rural communities, private companies and the Government [4b].
While the cosmetic, pharmaceutical and food industries have developed a wide range of products from A. ferox, there still exists a great potential for the development of new products from the plant. Aloe bitters or aloe lump is the product obtained from concentrating the yellow A. ferox leaf exudates [2] . Several anthraquinones and anthrone-C-glycosides, including aloe emodin, deoxyerythrolaccin, aloin A, aloin B, aloinoside B and 5-hydroxyaloin, have been reported in aloe bitters [3, 5] . Aloe bitters contain the chromones aloesin, aloeresin, furoaloesone and other phenolic compounds, such as methyl-p-coumarate, methyltetralins, pyrocatechol, feroxin and feroxidin [3] . Several amino acids, active enzymes and polysaccharides, such as arabinogalactans and rhamnogalacturonans have also been reported in aloe bitters [6a] .
The Aloe genus is popular for its medicinal properties and a number of species are used as ingredients in the formulation of both cosmetic and pharmaceutical products [6b, c]. A. ferox has antioxidant and anti-inflammatory activity [7a, b] and the extracts have been reported to exhibit antibacterial, antifungal and antiviral activity [8a-c] . This supports the traditional use of A. ferox in treating gonorrhoea, syphilis, herpes, shingles and other veneral diseases [8a, 9, 10] . Owing to its remarkable wound healing properties, A. ferox has been used for the treatment of open wounds, burns, sores and ulcers [10] . A. ferox gel is also useful in the treatment of arthritis and rheumatism [11] .
The interest and focus of industry has mainly been on the bitters and more recently on the inner non-bitter gel [3] . A. ferox, however, has small (0.3-0.5 mm), black seeds that are triangular in shape that seem to have little value for export as compared with the crystalline and powdered bitters, but could be a potential product for expansion, and a new entry into the A. ferox cosmetic industry [12] . There are no refereed literature reports on the composition of A. ferox seed oil and its potential uses in the cosmetic, pharmaceutical and food industries. This study was carried out to investigate the fatty acid composition and physicochemical properties of A. ferox seed oil with the aim of assessing its potential industrial applications.
The physicochemical properties of A. ferox seed oil are shown in Table 1 . The seeds yielded 19.4% of oil that had a pleasant nutty smell, a light texture and a bland taste. The oil yield from A. ferox seeds is higher than that of soybean (18.5%), a conventional oil seed crop [13] thus making A. ferox seed a potential plant oil source. The use of in vitro micro-propagation techniques in A. ferox production [4a] could increase the economic viability of sustainably producing A. ferox seed oil. The oil yield from Soxhlet extraction of the seed was lower (12.3%) compared with that obtained from the Bligh and Dyer's method (19.4%). In comparison with the Soxhlet extraction method, which can only be used to determine extractable lipids, Bligh and Dyer's method appears to be a better method for total lipid extraction as it allows the extraction of both polar and nonpolar lipids (total lipids), and hence produces higher yields [14a-14b] . However, the major drawback with this method is its adverse effects on the environment [14b].
The seed oil had a high saponification value (241.9 mg KOH/g), which is comparable with that of baobab (Adansonia digitata) seed oil (250 mg KOH/g) and coconut (Cocus nucifera L) seed oil (250 mg KOH/g) [15] . High saponification value oils are desirable NPC Natural Product Communications for soap and shampoo manufacture [16] . A. ferox seed oil could, therefore, be used for making bath soaps and hair shampoos. The acid value of the seed oil was also high (51.5 mg KOH/g) and greater than the 10 mg KOH/g limit for virgin oils [17] . High acid values are indicative of hydrolytic degradation of triglycerides and formation of free fatty acids [18] . The degree of edibility of a fat/oil is inversely proportional to the total amount of free fatty acid [19] . The free fatty acid value of A. ferox oil (calculated as percentage of free oleic acids) was high (25.9%), suggesting that the seed oil could be listed under non-edible oils.
The fatty acid composition of A. ferox seed oil is shown in Table 2 . It contained saturated (15.1%), monounsaturated (12.8%) and polyunsaturated (72.2%) fatty acids. Palmitic acid (11.2%) and stearic acid (2.95 %) were the main saturated fatty acids found in A. ferox seed oil, while oleic acid at 12.0% of the total fatty acid content was the dominant monounsaturated fatty acid.
Linoleic acid was the most abundant fatty acid found in A. ferox seed oil. This essential fatty acid and its metabolite γ-linoleic acid (GLA) are important for restructuring, firming, regenerating and moisturising the skin and have been shown to improve smoothness of the human skin [20a-b]. These essential fatty acids also possess anti-inflammatory and antimicrobial properties and hence their therapeutic use in treating atopic eczema, acne, wounds and other dermatological conditions. Owing to its moisturising and healing properties, linoleic acid is the most frequently used fatty acid in cosmetic applications [15] . Due to its high linoleic acid content, A. ferox seed oil could, therefore, be used as an active ingredient in topical cosmetic and therapeutic formulations for tired, dry, scaly and cracked skin.
The ratio of total saturated to total unsaturated fatty acids was 1:5.6, which shows that A. ferox seed oil is predominantly made up of unsaturated fatty acids. Higher levels of unsaturated fatty acids increase the susceptibility of oils to oxidative degradation [21] . Oxidative degradation/peroxidation leads to the production of peroxides, which greatly affect the organoleptic characteristics and reduce the shelf life of oils [22a] . The peroxide value of A. ferox seed oil was high (8.9 meq/kg), but still lower than the acceptable limit for crude oils (15 meq/kg) [17] . Hydrogenation of unsaturated fatty acids during refining could improve the oxidative stability of the oil and enhance the shelf life of the final product.
A determination of the unsaponifiable matter would have been useful to evaluate the concentration of other compounds in the seed oil. The presence of phytosterols, phenolic compounds, tocopherols, carotenoids and other polyphenolic compounds increase the medicinal properties of the oil. Additionally, phenolic compounds, tocopherols, and other phytochemicals also act as natural antioxidants, which reduce auto-oxidation of the oil [22a-b] .
Conclusion: Aloe ferox seed oil has a high concentrations of the essential fatty acid linoleic acid and thus could be useful as an active ingredient in natural skin care products. Its high saponification and acceptably low peroxide value suggest that the oil could also be used in the production of facial bars, bath soaps and hair shampoos. A. ferox seed oil could be another potential product that the cosmetic and pharmaceutical industries could exploit for new product formulations and improvement of existing products.
Experimental
Oil extraction: Aloe ferox seeds were sourced from the University of the Witwatersrand in Johannesburg (26°12'S; 28°03'E). The seeds were ground to a meal using a Waring blender and the oil extracted using the conventional Bligh and Dyer [23] and Soxhlet extraction methods. The Soxhlet extracted oil was weighed and stored in a dark bottle at 4°C pending analyses.
Determination of the physicochemical properties:
All reagents used for analysing the chemical properties of the seed oil were of analytical grade and supplied by Merck Chemicals, Johannesburg, South Africa. Physicochemical properties were determined using methods of the Association of Official Analytical Chemists [24a] .
Saponification value:
A. ferox seed oil (2 g) was dissolved in 25 mL of 0.5% ethanolic potassium hydroxide and refluxed for 30 min. One mL of phenolphthalein solution was added and the excess potassium hydroxide titrated using 0.5 N HCl. A reagent blank was titrated simultaneously. The saponification value was calculated using the formula: 
Determination of fatty acid composition:
Fatty acid analysis was carried out using gas chromatography. Fatty acid methyl esters were prepared by transmethylation of the oil using 2M methanol-sodium hydroxide [25] . The fatty acid methyl esters were extracted using nheptane, filtered and dried under nitrogen. Separation of the fatty acid methyl esters was performed on a HP6890 GC equipped with a flame ionisation detector and a DB-23 capillary column (90 cm x 250 µm x 0.25 µm). Nitrogen was used as the carrier gas. Detector and injector temperatures were set at 300°C. Quantification of fatty acids was carried out using CHEMSTATION chromatography software (Chemstations, Deutschland GmbH, Augustastrasse, Germany), and nonedecanoic acid (C19:0) was used as an internal standard.
